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ABSTRACT
We present a novel design of a waveguide to microstrip or coplanar waveguide transi-
tion using a unilateral finline taper. The transition from the unilateral finline mode to
the TEM microstrip mode is done directly, avoiding the antipodal finline tapers that
have commonly been employed. This results in significant simplification of the design
and fabrication, and shortening of the chip length, thereby reducing insertion loss.
In this paper we shall present designs at 90 GHz that can be employed in supercon-
ducting tunnel junction mixers or Transition Edge Sensor bolometers, and scale-model
measurements at 15 GHz.
1 INTRODUCTION
A high performance astronomical millimetre wave receiver
consists of an array of horns which couples power from the
sky to cryogenic detectors. The detectors are usually fabri-
cated in superconducting planar circuits whose components
are in most cases miniature microstrip lines, hence an ef-
ficient transition from waveguide to microstrip is needed.
In previous publications (Yassin et al. 1997, 2000; Kittara
et al. 2004) we have reported the successful operation of SIS
(Superconductor-Insulator-Superconductor) mixers at fre-
quencies ranging from 220-700 GHz using antipodal finline
tapers. The antipodal finline taper (Yassin et al. 2000) trans-
forms the waveguide mode into the TEM microstrip mode
using overlapping superconducting Nb films, separated by
400 nm of SiO oxide. The taper is deposited on a ∼ 100 µm
quartz substrate which supports the structure in the E-plane
of a rectangular waveguide. Before the fins overlap, the ta-
per acts as a unilateral since the oxide is much thinner than
the quartz substrate. When the fins start to overlap it be-
haves like an antipodal finline, and when the overlap be-
comes larger than the oxide thickness the transition to mi-
crostrip is performed using a semicircular taper (see Fig. 1).
The supporting substrate, usually quartz or silicon, has a rel-
atively high dielectric constant; here the matching between
the unloaded waveguide and waveguide loaded with sub-
strate is important. Broad band matching can be achieved
by a 2-step reduction in the substrate width, shown in the
photographs in Fig. 1. This transformer can be optimised
to give return losses of 15-20 dB across a wide ( 30%) band.
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Figure 1. Photograph of scale model replicas of the antipodal
(top) and direct coupling to microstrip (bottom) transitions
As we shall see later, the performance of the taper is largely
determined by the substrate mismatch.
Finline tapers have several advantages, including broad
band operation and ease of detector block fabrication. The
substrate dimensions are large relative to the microstrip
width, which allows elegant integration of additional circuits
of the receiver on a single chip. For example, a microstrip line
with a 400 nm insulating layer of SiO2 and an impedance
of approximately 20 Ω is 3 µm wide (Yassin and Withing-
ton 1995), much smaller than the width of the substrate.
The length of the taper is at least one free space wavelength
long, so important circuits such as bandpass filters, balanced
and image separating mixer circuits can easily be integrated
(Kerr and Pan 1996). Recently, this design was used in con-
junction with Transition Edge Sensors (TES) and delivered
a coupling efficiency well above 90% (Audley, M.D. et al.
2008). It is however evident that the antipodal section with
overlapping fins is difficult both to design and to fabricate,
particularly when the lateral separation between the fins is
very small, since at that point the field is significantly in-
fluenced by both the oxide that separates the fins and the
supporting substrate. This makes the computation compli-
cated and requires a large amount of memory. We have also
learned that a lot of care is needed when fabricating the
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Figure 2. (a) Schematic of the new waveguide to microstrip tran-
sition with direct coupling between the slotline and microstrip.
(b) Schematic of the proposed waveguide to coplanar waveguide
transition.
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overlapping fin sections in order to avoid shorts between the
very closely spaced fins as they begin to overlap.
2 THE NEW FINLINE TRANSITION TO
MICROSTRIP
We shall now present a new design that retains the advan-
tages mentioned above and yet makes the design and fabrica-
tion of the transformer much easier and significantly shorter.
This is done by removing the antipodal section with overlap-
ping fins and coupling the power directly from the slotline
to the microstrip as shown in Fig. 2(a). As in the previ-
ous design, power couples from the waveguide to the unilat-
eral finline taper, which is tapered to the desired impedance
of the microstrip. For Nb films 400 nm thick deposited on
225 µm thick Si, an impedance of approximately 35 Ω is
obtained when the gap becomes 3 µm. A microstrip bridge
of the same impedance is deposited across the slotline on a
400 nm thick layer of Oxide (e.g. SiO2) and terminated by a
shorted λ/4 radial stub. The finline itself is also terminated
by a λ/4 radial stub which forms an RF short. We have sim-
ulated the performance of the new finline in HFSS at 90 GHz
and shown that it exhibits excellent performance over 33%
bandwidth, which is sufficient for many applications such as
Cosmic Microwave Background instruments. An example of
these simulations is shown in Fig. 3, which shows the return
loss and insertion loss as a function of frequency for two
back-to-back waveguide-to-microstrip transitions. These re-
sults show clearly that the performance of the transition is
excellent over the required bandwidth.
3 TRANSITION TO COPLANAR WAVEGUIDE
Transition from waveguide to coplanar waveguide (CPW)
using the above mentioned method could be favoured over
transition to microstrip in cases where higher transmission
line impedances are required than are achievable using mi-
crostrips with convenient dimensions. For example, a 50 Ω
microstrip line in a cryogenic detector using an oxide with a
thickness of 400 nm and dielectric constant of 3.8 has a strip
width of around 1 µm, requiring complicated lithography.
This impedance, however, is ideal for coplanar waveguides
Figure 3. Results of HFSS simulations of slotline to microstrip
transitions at 90 GHz, showing the return loss (RL) and insertion
loss (IL).
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since it can be achieved with a strip width of 5 µm and a
gap of 2 µm, which is easily fabricated using photolithogra-
phy along with the rest of the chip. The transition to CPW
geometry is not significantly more complicated to fabricate
than the transition to microstrip, requiring a via to connect
the radial stub to the central conductor of the CPW, as
shown schematically in Fig. 2 (b).
4 SCALE MODEL MEASUREMENTS
We have designed and fabricated the two types of back-to-
back transitions from finline to microstrip, optimised in the
frequency band 11-16 GHz. The transitions were fabricated
from Copper on RT/Duroid6010, which has a dielectric con-
stant of 10.2 (similar to Silicon), with an Espanex insulat-
ing layer between the finline and microstrip layers. A photo
of the transitions mounted in the aluminium split-block is
shown in Fig. 1. The groove in the waveguide wall which
supports the chip has a width of 2 mm in order to accom-
modate the serrations that cut-off the propagation of higher
order modes in the WR10 waveguide. It can clearly be seen
that the length of the new taper is much shorter than the
conventional antipodal design.
Measurements of the scattering parameters of scale
models were made using a Vector Network Analyser and
the scattering parameters of the substrate alone and the new
transition are shown Figs. 4 and 5 respectively. There is in
general very good agreement between the measurements and
simulations, although at the low frequency end in Fig. 5 the
return loss simulations appear to have been slightly shifted
(by approximately 0.5 GHz) with respect to the measured
results. This could either be the result of inaccurate dielec-
tric value of RT/Duroid6010LM (assumed 10.2) or fabrica-
tion tolerances. We also notice that the return loss in the use-
ful bandwidth is largely determined by the 2-step substrate
transition rather than the finline taper or the coupling to the
microstrip, demonstrating the high quality of the transition
design. Much better results should therefore be expected for
thinner or lower dielectric constant substrate. The insertion
loss is significantly influenced by conduction losses at room
temperature which will not appear in real superconducting
detector circuits. Finally we would like to draw attention to
the fact that the scale model results are for two back-to-back
tapers, so the return loss and insertion loss of a single taper
should be reduced accordingly.
Figure 4. Measurements and simulations of the substrate block
alone in the waveguide, showing the return loss (RL) and insertion
loss (IL).
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Figure 5. Measurements and simulations of the new scale model
transition from finline to microstrip, showing the return loss (RL)
and insertion loss (IL).
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5 CONCLUSIONS
We have presented a new type of finline transition from
waveguide to microstrip or to CPW. The transition is partic-
ularly suited to millimetre wave detector applications where
the lateral dimensions become very close to the limits of
what can be fabricated using standard photolithography.
The transition to microstrip was greatly simplified by replac-
ing the overlapping fins section with direct coupling from
slotline to microstrip. In the case of transition to CPW,
no additional layers of deposition are required. Scale model
measurements agree well with simulated results.
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